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INTRODUCTION ------------ 
There were t h r e e  a r e a s  of r e sea rch  sponsored i n  t h e  F l i g h t  

T ranspor t a t i on  Laboratory a t  t h e  Massachusetts  I n s t i t u t e  of 
Technology under the Joint University Research Program during.1986. 
The f i r s t  was t h e  completion of e f f o r t s  i n v e s t i g a t i n g  t h e  p o s s i b i l i t y  
of us ing  Loran-C f o r  f i n a l  approach guidance t o  a  runway: t h e  second 
is a p re l imina ry  exp lo ra t ion  of t h e  a p p l i c a t i o n  of automated speech 
r ecogn i t i on  i n  Air  T r a f f i c  Control :  t h e  t h i r d  is a  con t inua t ion  of a  
s e r i e s  of r e sea rch  t o p i c s  i n t o  a i r c r a f t  i c i n g  problems. 

1. APPROACH GUIDANCE TO A RUNWAY USING LORAN-C .................................... 
This  work was aimed a t  explor ing  t h e  p o s s i b i l i t y  of f l y i n g  a  

pseudo-precis ion approach using an a l t ime te r - a ided  d i s p l a y  system t o  
prov ide  both  c ross - t rack  and v e r t i c a l  d e v i a t i o n s  from t h e  approach 
c e n t e r l i n e  and glide path. An experimental flight test system was 
designed f o r  Grumman Tiger  a i r c r a f t  using a  King Radio KEAO-346 
e l e c t r i c  a l t i m e t e r  t o  p rov ide  d a t a  on c u r r e n t  a l t i t u d e  and a  
Micrologic  ML-3000 Loran-C r e c e i v e r  t o  p rov ide  ( x ,  y ,  ho) d a t a  
r e l a t i v e  t o  t h e  runway touchdown p o i n t .  ( x  = l o n g i t u d i n a l  d i s t a n c e ,  
y  = d i s t a n c e  from c e n t e r l i n e ,  ho = nominal g l i d e  s l o p e  he igh t  a t  x . )  
An e l e c t r o n i c  d i s p l a y  system was b u i l t  t o  give a c ros s -po in t e r  
d i s p l a y  t o  t h e  p i l o t  g iven cont inuous i n p u t s  from t h e  Loran-C and t h e  
a l t i m e t e r .  Seve ra l  f l i g h t  t e s t s  were flown ( a t  Hanscom F i e l d ,  
Bedford, Mass.) ,  which un fo r tuna t e ly  s u f f e r e d  from a number of 
d e f i c i e n c i e s  due t o  . t rack ing  dynamics a r i s i n g  from t h e  slow update  
r a t e  from t h e  c u r r e n t  Loran-C r e c e i v e r .  However, approaches were 
s u c c e s s f u l l y  flown, and t h e  f e a s i b i l i t y  of using t h e  Loran-C d a t a  t o  
d e f i n e  t h e  v e r t i c a l  guidance was demonstrated.  Comparative d a t a  
between t h e  I L S  guidance and t h e  Loran-C p l u s  a l t i t u d e  guidance was 
ob ta ined .  A complete d e s c r i p t i o n  of t h i s  work is given i n  Reference 
1 of t h e  Annotated Bibl iography.  

For t h e  second yea r  i n  a  row, an MIT t h e s i s  based on Loran-C 
research won t h e  W.E. Jackson award for " b e s t  s t u d e n t  t h e s i s "  from 
t h e  Radio Technical  Commission f o r  Aeronaut ics .  This  y e a r ' s  t h e s i s  
was w r i t t e n  by Norry Dogan, and is a v a i l a b l e  a s  MIT F T ~  Report 86-3 
( r e f .  1). 



2 .  AUTOMATED SPEECH RECOGNITION I N  A I R  TRAFFIC CONTROL ................................................... 
The b a s i c  g o a l  of t h i s  work has  been t o  apply e x i s t i n g  ASR 

technology i n  an ATC environment i n  o rde r  t o  exp lo re  n o t  on ly  some of 
t h e  p o t e n t i a l  b e n e f i t s  and problems a r i s i n g  from t h e  p r a c t i c a l  
a p p l i c a t i o n  of ASRj bu t  a l s o  t h e  f e a t u r e s  and c a p a b i l i t i e s  d e s i r a b l e  
i n  an ASR system t o  be used i n  ATC (ref.  2 ) .  

This basic goal was accomplished by integrating a VOTAN VPC2000 
continuous speech recognition system into an existing ATC simulation 
to provide a means whereby verbal commands issued by controllers 
and directed towards aircraft could be entered into the computer 
d i r e c t l y ,  t he reby  e l imina t ing  t h e  need f o r  b l i p  d r i v e r s  o r  pseudo- 
p i l o t s .  

I n  g e n e r a l ,  t h e  p o t e n t i a l  b e n e f i t s  accrued through t h e  use  of 
ASR i n  an ATC environment involve  t h e  s i m p l i f i c a t i o n  of t h e  
control ler-computer  i n t e r f a c e  i n  an environment where t h e  primary 
means of communication is  v e r b a l  and t h e  u se  of and r e l i a n c e  on 
computers is  inc reas ing  s i g n i f i c a n t l y ,  both  i n  t h e  a i r  and on t h e  
ground. 

The major d i f f i c u l t i e s ,  however, l i e  predominantly i n  t h e  
handl ing of e r r o r s .  I n  o rde r  t o  address  t h e  problem of r ecogn i t i on  
e r r o r s ,  t h e  syntax f o r  ATC commands was incorpora ted  i n t o  a  Speech 
Input Parser in two basic ways. The first utilized a Finite - 

state Machine approach for syntax specification and required 
a c t i v e  i n t e r v e n t i o n  on t h e  p a r t  of t h e  u se r  i n  o r d e r  t o  c o r r e c t  any 
e r r o r s  once they  were de t ec t ed .  The second, however, used a p a t t e r n -  
matching approach t o  compare t h e  input  command t o  a  l is t  of a l lowable  
commands i n  o rde r  t o  determine t h e  b e s t  match, and could hypothes ize  
p o s s i b l e  c o r r e c t i o n s  i f  any e r r o r s  were d e t e c t e d ,  as long as  t h e s e  
d i d  no t  c r i t i c a l l y  a f f e c t  t h e  i n t e l l i g i b i l i t y  of t h e  commanded 
a c t  ion .  

The user-based techniques  developed f o r  c o r r e c t i o n  of 
r ecogn i t i on  e r r o r s  c o n s i s t e d  of u t i l i z i n g  t h e  v e r b a l  channel  i n  o rde r  
t o  e n t e r  s p e c i f i c  keywords t h a t  would e i t h e r  d e l e t e  t h e  l a s t  
recognized word or delete the entire recognized command so far. 
These were found to be lacking in terms of speed, flexibility 
and e a s e  of u se ,  and from t h e  f a c t  t h a t  e r r o r s  could even be made i n  
recognizing t h e s e  keywords. 

The automated techniques  developed t o  c o r r e c t  f o r  r ecogn i t i on  
e r r o r s  i n t e r n a l l y  were l i m i t e d  by t h e  c a p a b i l i t i e s  o f ,  and 
informat ion made a v a i l a b l e  by, t h e  VPC system. I n  many c a s e s ,  even 
though t h e y  were s u c c e s s f u l  i n  hypokhesizing t h e  l o c a t i o n  of t h e s e  
e r r o r s ,  t h e r e  was no c a p a b i l i t y  t o  reanalyze the data and validate 
t h e s e  hypotheses.  A s  such,  t h e s e  automated techniques  were more 
proof of concept v e h i c l e s  t han  implementable s t r a t e g i e s  ( a t  l e a s t  
wi th  t h e  c u r r e n t  c o n f i g u r a t i o n  of t h e  VPC). 



The major  drawbacks o f  t h e  VPC sys tem were i ts  s e n s i t i v i t y  t o  
v a r i a t i o n s  i n  a r t i c u l a t i o n  ( c o - a r t i c u l a t i o n ,  i n t o n a t i o n )  and i ts  
i n a b i l i t y  t o  rewind d a t a  i n  o r d e r  t o  reexamine sections o f  speech 
d a t a .  The former  is f o r  t h e  most p a r t  i n h e r e n t  i n  t h e  p a r t i c u l a r  
r e c o g n i t i o n  a l g o r i t h m  and t e c h n i q u e  being used and c o u l d  n o t  r e a d i l y  
b e  changed.  The l a t t e r ,  however, is a  r e s u l t  o f  t h e  a c t u a l  packaging 
o f  t h e  s o f t w a r e .  T h i s  problem h a s  been a d d r e s s e d  w i t h  a  new s o f t w a r e  
package  ( a  l i b r a r y  o f  u s e r - c a l l a b l e  C-language s u b r o u t i n e s  t o  c o n t r o l  
t h e  r e c o g n i t i o n  f u n c t i o n s )  r e c e n t l y  made a v a i l a b l e .  There  a r e ,  
however, s t i l l  some l i m i t a t i o n s  i n  t h e  c a p a b i l i t y  o f  t h e  VPC t h a t  
have n o t  been a d d r e s s e d .  I n  p a r t i c u l a r ,  t h e  i n a b i l i t y  t o  o b t a i n  a  
r a n k i n g ,  i n c l u d i n g  s c o r e s ,  o f  how w e l l  each  o f  t h e  words i n  t h e  
a c t i v e  vocabu la ry  matched t h e  c u r r e n t  i n p u t ,  as w e l l  a s  a  p o i n t e r  t o  
t h e  l o c a t i o n  i n  t h e  speech  d a t a  where each  o f  t h e s e  words ends  and 
t h e  n e x t  word would t h e r e f o r e  beg in .  

T h i s  r e s e a r c h  w i l l  b e  c o n t i n u i n g  i n  o r d e r  t o  deve lop  a h i g h l y  
r e l i a b l e  method o f  u s i n g  v o i c e  t o  communicate t o  a n  ATC s i m u l a t i o n  o r  
a f u t u r e  automated ATC system. 

3 .  AIRCRAFT I C I N G  RESEARCH .................... 
The a i r c r a f t  i c i n g  e f f o r t  o v e r  t h e  p a s t  y e a r  h a s  c o n c e n t r a t e d  on 

u t i l i z i n g  u l t r a s o n i c  ice a c c r e t i o n  measurement t e c h n i q u e s  i n  wind 
t u n n e l  and f l i g h t  t es t s  t o  b e t t e r  unders tand  t h e  i c e  a c c r e t i o n  
p r o c e s s ,  p a r t i c u l a r l y  i n  t h e  g l a z e  ( w e t )  ice regime. A p p l i c a t i o n  of  
t h e  u l t r a s o n i c  t e c h n i q u e s  h a s  l e d  t o  p r e v i o u s l y  u n r e a l i z a b l e  
measurements of  h e a t  t r a n s f e r  from ice s u r f a c e s  d u r i n g  a c c r e t i o n .  
These  measurements have i d e n t i f i e d  fundamenta l  d i f f e r e n c e s  i n  t h e  
h e a t  transfer and resulting ice growth, between icing wind tunnel 
and f l i g h t  i c i n g  c o n d i t i o n s .  These d i f f e r e n c e s  appear  t o  b e  due t o  
r e l a t i v e l y  h i g h  ambient  t u r b u l e n c e  l e v e l s  i n  ground i c i n g  t e s t  
f a c i l i t i e s ,  which t e n d  t o  i n c r e a s e  t h e  c o n v e c t i v e  h e a t  t r a n s f e r  from 
t h e  i c i n g  s u r f a c e .  

An a r r a y  o f  u l t r a s o n i c  t r a n s d u c e r s  h a s  a l s o  been f lown on t h e  
l e a d i n g  edge o f  a  wing c u f f  mounted on t h e  NASA I c i n g  Research  
A i r c r a f t  (Twin O t t e r ) .  The u l t r a s o n i c  a r r a y  p rov ided  a  un ique  r e c o r d  
o f  t h e  t empora l  and s p a t i a l  behav io r  of  t h e  ice a c c r e t i o n s .  T h i s  is 
i m p o r t a n t  t o  i c e  a c c r e t i o n  modeling e f f o r t s ,  which r e l y  on time- 
i t e r a t i v e  t e c h n i q u e s  t o  g e n e r a t e  t h e  p r e d i c t e d  i c e  a c c r e t i o n .  I n  
a d d i t i o n ,  p l a n s  e x i s t  t o  t e s t  t h e  ar ray-equipped wing c u f f  i n  t h e  
I c i n g  Research  Tunnel t o  p r o v i d e  a  d i r e c t  comparison between f l i g h t ,  
wind t u n n e l ,  and a n a l y t i c a l  a i r c r a f t  i c i n g  t e s t  t e c h n i q u e s .  Two 
r e c e n t  p a p e r s  d e s c r i b i n g  t h i s  work i n  more d e t a i l  a re  appended t o  
t h i s  r e p o r t  ( r e f s .  3 and 4 . 

The f u t u r e  e f f o r t s  i n  t h i s  a r e a  w i l l  c o n c e n t r a t e  on t h e  smal l -  
s c a l e  p h y s i c s  which c o n t r o l  t h e  s u r f a c e  roughness ,  and t h e  r e s u l t i n g  
c o n v e c t i v e  h e a t  t r a n s f e r  from t h e  ice s u r f a c e .  T h i s  a r e a  h a s  been 
c l e a r l y  i d e n t i f i e d  a s  t h e  pr ime r e g i o n  o f  u n c e r t a i n t y  i n  t h e  c u r r e n t  
u n d e r s t a n d i n g  of  t h e  ice  a c c r e t i o n  p r o c e s s .  The e f f o r t  w i l l  combine 
a n a l y s i s  and focused  exper iments  t o  i d e n t i f y  t h e  p h y s i c a l  mechanisms 
which c o n t r o l  t h e  m i c r o s c a l e  roughness  on a n  a c c r e t i n g  ice s u r f a c e .  
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